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Abstract: In this study, we develop a method to analyse the relationships between seasonal caribou distribution and cli-
mate, to estimate how climatic conditions affect interactions between humans and caribou, and ultimately to predict
patterns of distribution relative to climate change. Satellite locations for the Porcupine (Rangifer tarandus granti) and
Bathurst (R. 1. groenlandicus) caribou herds were analysed for eight ecologically-defined seasons. For each season, two
levels of a key environmental factor influencing caribou distribution were identified, as well as the best climate data
available to indicate the factor’s annual state. Satellite locations were grouped according to the relevant combination of
season and environmental factor. Caribou distributions were compared for opposing environmental factors; this compari-
son was undertaken relative to hunting access for the Porcupine Herd and relative to exposure to mining activity for the
Bathurst Herd. Expected climate trends suggest an overall increase in access to Porcupine caribou for Aklavik (INWT)
hunters during the winter and rut seasons, for Venetie (Alaska) hunters during midsummer and fall migration and for
Arctic Village (Alaska) during midsummer. Arctic Village may experience reduced availability with eatly snowfalls in
the fall, but we expect there to be little directional shift in the spring migration patterns. For the Bathurst Herd, we
expect that fewer caribou would be exposed to the mines during the winter, while more caribou would be exposed to
the combined Ekati and Diavik mining zone in the early summer and to the Lupin-Jericho mining zone during the fall
migration. If changes in climate cause an increased presence of caribou in the mining sites, monitoring and mitigation
measures may need to be intensified.

Key words: development, hunting, Rangifer tarandus granti, R. t. groenlandicus, utilization density.
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Introduction

Numerous studies have documented the magnitude
and trends of recent and projected climate change
at the regional and continental scale (Zhang er /.,
2000; Zhou e 4/, 2001; ACIA, 2004; Hinzman ef
al., In Press). Knowledge of how caribou distribute
themselves in relation to changing environmental
conditions is crucial to our ability to project the
future effects of climate change on caribou avail-
ability to user communities and the interaction of
caribou with industrial development. While climate
models have been developed to simulate how the
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environment may change over the next few decades,
these models do not predict how living organisms
will react and adapt to these changes. Furthermore,
environmental assessment of the effects of proposed
industrial development requires a good knowledge
of the spatial and temporal movements of animals in
relation to exposure zones. The better the knowledge
of animal distribution, the more effective the mitiga-
tion measures will be.

Large migratory caribou herds in North America
migrate from lichen-dominated, energy-rich winter-
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Fig. 1. a) Porcupine (stripes) and Bathurst (dots) caribou herd ranges; b) Porcupine caribou range with selected com-
munity access zones outlined in bold (see Table 2 for details);, ¢) Bathurst caribou range with mining exposure

zones (see Table 3 for details).

ing grounds south of the treeline to vascular plant-
dominated, protein-rich calving and summer ranges
along the arctic coast. The timing of calving gener-
ally coincides with the rapid growth of green vegeta-
tion, which is critical for the survival of newborn
calves. After calving, the cows begin to form larger
groups which are maintained due to insect harass-
ment when warm, windless days persist into July.
To avoid harassment, the herds will seek insect relief
habitat such as coastal zones, windy mountain ridges
or eskers, and snow patches.

By August, cool, freezing nights reduce insect
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activity. The dense aggregations disband while indi-
viduals forage intensively to replenish their body
reserves in preparation for the rut and winter. From
one year to the next, the herds may select quite dif-
ferent areas in which to winter, resulting in large
cumulative wintering areas. The annual winter dis-
tribution appears to be a trade-off between favour-
able snow conditions and abundant lichen resources.
There is some evidence that herds may also shift
wintering areas periodically, perhaps in response to
diminishing lichen biomass. Spring migration is first
initiated by pregnant cows in late March or April.
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If snow conditions are favourable,
caribou may begin to drift north
earlier and if unfavourable may

delay movement either in their
core wintering areas or along the
migration routes (Eastland, 1991,

Russell ez 4l., 1993).

'spIay noqrIed (H,1,4) siyieg pue (HDHJ) sutdndiod sy JoJ suoseas 1YSTo JOJ $3[eIIeA SIBWI[D PUL SISSE[D [PAUIWUOIAUY T J[qe],

The goal of our research was
to improve our understanding of

the relationship among caribou,
human use of or effects on caribou,

and climate. In this study, we
tal factors on caribou distribution,
provide predictions of caribou dis-
tribution relative to climate change
scenarios, and consider the impli-
cations for hunting of caribou and
use of caribou habitat. We achieve

estimate the effects of environmen-
these goals by:

1. Estimating the seasonal patterns
of distribution of the Porcupine
and Bathurst catibou herds rela-
tive to key climate factors;

2. Predicting caribou distribution

bou distribution for human activ-

for given climate change sce-
climate-related changes in cari-
ity.

narios;
3.Considering the implications of

The study areas encompassed the
annual ranges of the Porcupine
caribou herd in the Northwest
Territories, Yukon Territory and
Alaska and the Bathurst caribou
herd in Nunavut and the North-
west Territories (Fig. 1). During
our study, the Porcupine caribou
herd increased to 178 000 caribou

Materials and methods
in 1989, then declined to 123 000

by 2001. The Bathurst caribou
declined from 350 000 animals in

1996 to 187 000 in 2003.

For the Porcupine caribou herd
analysis, our primary objective was

to assess the projected effects of

climate change in relation to cari-
ties for hunting. Through local

knowledge interviews with com-
munity hunters, we delineated a

bou availability to local communi-
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Fig. 2. Utilization densities of Porcupine caribou by season and environmental class with an overlay of the community
access zones, 1985-2003. (Fig. 2 continues on next page).
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set of community hunting zones within the range
of the herd based on conditions affecting access to
caribou (Fig. 2; Kofinas & Braund, 1998; Berman &
Kofinas, 2004). Designations of “near” and “fat” for
each zone indicate the overall accessibility by hunters
from the communities. “Near” indicates areas that
are accessible within a day in normal conditions for
each season whereas “far” refers to hunting areas that
involve overnight travel and hence are less accessible
to those people with employment. To simplify our
initial analysis, we have not included the full set of
hunting zones for each community, and instead focus
specifically on a subset of zones.

For the Bathurst Herd, we explored a method
for assessing effects of industrial development on
caribou. We created 50 km buffer zones around the
4 potential or operational mines within the range
of the herd (the potential Snap Lake mine and the
operational Ekati, Diavik, and Lupin-Jericho mines;
Fig. 3). We based the 50 km buffer on a preliminary
analysis which suggested that satellite-collared cows
spent less time than expected within 50 km of the
Ekati mine. We include the proposed Snap Lake mine
as a baseline site that can be used to note changes as
human activity increases in the area.

Satellite locations from collared cows from the Por-
cupine (1985-2003) and Bathurst (1996-2003) cati-
bou herds were compiled in a geographic information
system (GIS). The data were analysed using Arcview
3.2a (Environmental Systems Research Institute Inc.,
1992), SAS 8.2 (SAS Institute Inc., 1999) and Kernel
HR (Seaman e «/., 1998), based upon the following
steps.

We divided the annual cycle into eight seasons
based upon caribou activities (Porcupine Caribou
Technical Committee, 1993) and for each season
selected a single environmental factor that may affect
movement (Table 1). We then divided the years
into two classes (e.g., eatly/late snowmelt; few/many
insects) pet season based on rankings of the envi-
ronmental factor (Table 1). For the Bathurst Herd,
Snow-on-Ground data were not available for all years.
To determine which years classified as early or late
snowmelt, we used January to Aptil Total Snowfall
and May Mean Temperature for spring migration and
April Snow on Ground and May Total Snowfall for
calving. These climate data were used in conjunction
with the available Snow on Ground data to rank all
years. Two to three random locations per caribou per
class per season were selected to ensure that no animal
was overrepresented. Two thousand eighty-two sample
locations of 18 979 wete selected for the Porcupine
Herd and 928 sample locations were chosen from the
6015 Bathurst locations. These locations represented 68

56

animals for the Porcupine Herd and 48 animals for the
Bathurst Herd.

We subsequently conducted a kernel analysis to
create utilization density grids for the 16 different
classes and calculated the proportional use of human
use zones (e.g., hunting territories, development buf-
fers) to analyse caribou movements relative to human
activity. Finally, we petformed a jackknife analysis to
estimate the variance of the proportional use of the
zones. For each season and environmental class, we
sequentially deleted a single year of data and repeated
the kernel analysis and used the results to calculate
the variance and 95% confidence intervals on the
proportional use of each human use zone (Smith,
2001). Pairs of environmental states within seasons
were considered significantly different if the pairs
had non-ovetlapping 95% confidence intervals, a
very conservative assessment of significance (Payton
et al., 2003).

Results

Porcupine caribon herd

Shallow snow in the winter corresponded to two
main distributions around zones 4.1 and 6.2 (Fig.
2-Al). Overall, caribou were more concentrated in
those zones than in years with deep snow (Fig. 2-A2)
but winter distributions were similar under both sets
of conditions.

During spring migration, annual differences in
movement patterns were distinguishable. With an
early snowmelt (Fig. 2-Bl), caribou were distributed
further north and west along the North Slope than in
late snowmelt years (Fig. 2-B2). There were two main
migration routes when snowmelt was late; however
animals that followed the Brooks Range from zone
7.1 norcheast through zone 4.1 (Fig. 2-B2) may have
simply been further along the route in yeats of eatly
melt.

Caribou distributions during the calving season
were more concentrated at the lower elevations
towards the coastal plain in years of early snowmelt
(Fig. 2-C1). Late snowmelt years (Fig. 2-C2) exhib-
ited distributions further south of zones 1.2 and 1.3
in the Brooks Range as well as numerous pockets to
the southeast.

Distributions during the post-calving period were
very similar under both sets of environmental con-
ditions. In years with faster green-up (Fig. 2-D1),
caribou tended to form concentrations further west
into Alaska and were less diffuse than in years of slow
green-up (Fig. 2-D2).

Early summer discributions were concentrated in
small dense pockets when the insect harassment level
was low (Fig. 2-E1). Caribou were much mote widely
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Kofinas, 2004), we con-
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sidered the implications

of changes in caribou

distribution on hunting.
The effects are by no
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Fig. 3. Utilization densities of Bathurst caribou by season and environmental class with respect to mine sites (50 km buffer zoges),
1996-2003. The mine zones are 1 Lupin Jericho, 2 Bkati-Diavik, and 3 Snap Lake. (Fig. 3 continues on next page).
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means clear-cut. For example, with respect to near
hunting zones, only Arctic Village had improved
access during winters of shallow snow, while Aklavik
hunters had improved access to caribou during win™
ters of deep snow. Spring migration allowed Kak-
tovik hunters some access to the herd but despite the
more northetly distribution of caribou in years with
catly snowmelt, the animals were still located too
far south to significantly improve Kaktovik access
within the near hunting zone. Old Crow benefited
from early snowmelt but Arctic Village, Venetie and
Aklavik hunters all had better access in years with
late snowmelt.

During calving, early snowmelt provided increased
access for Kaktovik residents while late snowmelt
benefited Old Crow hunters, which was likely due to
delayed northbound migration. The environmental
conditions during the post-calving and early sum™
mer seasons did not significantly affect community
access to caribou. In midsummer, the Alaskan com™
munities of Arctic Village and Venetie had greater
access to caribou when the insect harassment level
was low. During fall migration, only Venetie hunters
experienced greater caribou access when snow arrived
carly. In the late fall, early snowfall increased access
for Aklavik residents but decteased access for Arctic
Village hunters (Table 2).

Bathurst caribou herd

For the Bathurst caribou, shallow snow years in win™
ter (Fig. 3-Al) were characterized by a broad range
encompassing areas further to the north, west and
cast than the distribution in deep snow years (Fig.
3-A2). Caribou were most concentrated southeast of
Great Bear Lake in shallow snow years whereas in
deep snow years, caribou were concentrated in areas
near Great Slave Lake. In deep snow years, caribou
wete located as far south as the Saskatchewan bot™
der.

Spring migration showed similar concentrations
west of Bathurst Inlet for both eatly (Fig. 3-B1) and
late (Fig. 3-B2) snowmelt. However, the early melt
distribution included terrain further to the west
as well as an area east of Great Slave Lake to Sas™
katchewan. In late melt years, the distribution was
comprised of smaller isolated pockets and included
terrain close to Great Slave Lake.

Calving distributions were focussed in the area
west of Bathurst Inlet. During early melt (Fig. 3-C1),
some cows were further south and within the mining
zones while in late melt years (Fig. 3-C2) the focus
area was broader with some caribou located further
to the southeast. Those cows further south were non-
breeders who then caught up to the breeding cows by
carly postcalving,
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Post-calving distributions (Figs. 3-D1 and 3-D2)
were also very similar between the slow and rapid
green-up. Inyears exhibiting slower green-up (Fig. 3-
D1), the area extended to both the south and east,
closer to the mining zones.

During early summer, the main difference between
distributions was a mote continuous distribution in
years with many insects (Fig. 3-E2) than in years
with few insects (Fig. 3-E1). However, the same area
was used under both sets of conditions and the same
area contained the greatest densities of caribou.

Into midsummer, the distributions (Figs. 3-F1
and3-F2) remained similar. The few insect years had
a broad diffuse coverage (Fig. 3-F1), with greater use
of Nunavut (northeast of the mining zones).

During autumn, the densest concentration of cari™
bou was found northwest of zone 2 for years with late
arrival of snow (Fig. 3-G1). There was also a small
concentration at the southern tip of Bathurst Inlet.
During years with early snow (Fig. 3-G2), the dens™
est concentration was located within north of zone
3 and the coverage extended further west and south
than in late snow years. The distribution during
years of early snow had two gaps in the centre.

During the rutting period, late snowfall (Fig. 3-
H1) occutred with a continuous distribution north of
Great Slave Lake with a few isolated patches to the
cast of the lake. During years with early snow arrival
(Fig. 3-H2), the distribution was much broader.
Range use included a band of coverage from Great
Bear Lake southeast to Saskatchewan.

For the Bathurst caribou herd, zones of exposure
to mines were analysed for differences in caribou
distribution between pairs of conditions (Table 3).
During the winter season, more caribou were located
outside the mining zones when the snow was deep
and fewer caribou were exposed to the Snap Lake
mining zone than in years of shallow snow. During
spring migration, more caribou remained outside
the mining zones when the snow melted early com™
pared to when snowmelt was late. Significantly more
caribou were located within the Ekati-Diavik zone
in years of late melt. During calving, significantly
more caribou were exposed to the Lupin-Jericho and
the Ekati-Diavik mining zones when snowmelt was
carly and fewer caribou were outside of the mining
zones during early snowmelt. There was no sig™
nificant difference in caribou distribution during the
post-calving season.

During eatly summer, Bathurst caribou were 35
times more likely to be located within the Ekati-
Diavik mining zone when the insect harassment level
was high. There was no significant difference in dis™
tributions either during midsummer or during rut.
During the fall migration period, more caribou were
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